 Abstract-The Fetal Heart Rate interpretation based on Cardiotocographies (CTG) is the most common practice of obstetrician medical staffs. Computerized CTG Systems are used with the aim to reduce subjective aspects of these diagnostics. The Fetal Heart Rate Variability (FHRV) analysis using the CTG signal is an unusual approach. This work proposes a FHRV analysis based on the evaluation of time domain parameters (statistic measures); frequency domain parameters; and the short and long term variability obtained from the Poincaré plot. A normal distribution is presumed for each parameter and a normality criterion is proposed. Specific and overall classifications are proposed to help improve the fetal conditions interpretation, expanding the conventional FHR analysis.
I. INTRODUCTION
The cardiologic and autonomic nervous systems (ANS) continuously look for a dynamic balance where the parasympathetic and sympathetic systems act as opposite forces influencing the heart rhythm modulation. The first one increases the heart rate and decreases the variability while the second system does the opposite action [1] .
The Fetal Heart Rate Variability (FHRV) can be obtained by the Cardiotocography (CTG), as it is considered a gold standard exam for the detection of fetal heart rate (FHR). The Doppler sensor has similar accuracy when compared with the abdominal ECG for the fetal heart beat detection [2] .
The CTG records continuously and simultaneously the FHR and the uterine tonus (for uterine contractions monitoring). Fetal movements can also be recorded manually by the mother. These monitoring allow the detection of a large set of diseases or changes in the fetal health status [3] .
Usually, the CTG exam is done in risky pregnancies because fetal distress can be earlier detected. Depending on the situation, the exam is applied before labour, period of time named as antepartum, and also during labour, the intrapartum period [4] .
Previous works are using the FHVR analysis acquiring the fetal ECG Signal. Lebrun (2003) states that the FHRV analysis during the last trimester can provide important clinical information after birth [5] . A fetal development indice based on time and frequency parameters is suggested based on the FHR decrease and variability increase during the pregnancy. Sibony et al. (1994) present that the FHRV can be used to detect the fetal status also during labour [6] . They propose the identification of new frequency intervals and two evaluation criteria based on the FHRV spectral analysis. Other works consider the frequency domain parameters as part of an overall comparison with other monitored systems to determine fetal status [7] .
The time domain HRV analysis considers geometric and statistic approaches [8] . The geometric metrics are based on the histogram of the set of normal intervals between QRS complexes. In statistical analysis there are several metrics divided in three groups. Each metric is defined in Table I . The first one evaluates the heart rate behaviour as a whole, i.e., considers the whole set of samples for its calculations. The metrics are the SDNN and the SDANN. The RMSSD measure considers the interval between heart beats and belongs to the second group and reflects the high frequency characteristics of the signal. Finally, the long term variability (LTV) and short term variability (STV) are obtained from the Poincaré plot.
The parasympathetic stimulation results in a fast and short term answer in the heart beats, affecting immediately the interval between them. It can be evaluated when considering parameters such as RMSSD. The sympathetic stimulation is slower with a latency period that can vary from 5 to 20 seconds [1] . Parameters considering many RR intervals, such as SDNN and SDANN are used to evaluate both systems as a whole. The frequency domain parameters usually considered in heart rate variability analysis are divided into frequency intervals, such as Ultra Low Frequency (ULF), Very Low Frequency (VLF), Low Frequency (LF) and High Frequency (HF) [1] . In this work we consider only the LF and HF intervals. The HF component corresponds to changes in the heart rate related with the respiratory cycles, which are tipically managed by the parasympathetic system. On the other hand, the LF component is influenced by both systems.
Actually, the HRV in time and frequency domain are different expressions of the same phenomenon, some correlation among those parameters can be demonstrated. The SDNN parameter for example is related to the total power of the spectral analysis. The time domain RMSSD is correlated with the high frequency component in the frequency domain since it considers the difference between two RR adjacent intervals, quantifying fast changes of the heart rate. Another example is the correlation between the SDANN and the ULF frequency band.
This work presents a FHRV analysis based on the signal obtained by the CTG examination. Classification criteria for the FHRV parameters and for the examination as a whole are proposed.
II. MATERIALS AND METHODS

A. Database and Development Environment
The Matlab software version 7.6.0.324 R2008a is used as the development environment [9] . The whole set of HRV parameters (time and frequency domain) and the STV and LTV based on Poincaré plot were calculated using the system proposed by Madeiro [10] .
The results were obtained from one previously identified database from the Trium Analysis Online GmBH, in Munich, Germany. The database is identified as CTG-A, and has 80 examinations in antepartum period of time, i.e., before labour, with gestational age varying from the 28 th to the 34 th week. From these, 58 examinations are classified as control (normal fetal and low level of suspicious status) and 22 as study (high level of suspicious or pathological). There are no uterine contractions and the occurrence of FHR accelerations may indicate normality.
B. FHRV Analysis
A block diagram with all the steps to perform the FHR variability analysis is presented in Fig. 1 . After the time and frequency domain parameters are determined, the long and short term variability can be obtained from the Poincaré plot. After calculating several different parameters, this work considers the subset defined in Table I . The frequency ranges considered in this work are also presented. The LF and HF are expressed in normalized units. The LF/HF ratio is considered in all the results because it shows the balance between the sympathetic and parasympathetic systems.
C. Classification Criteria
There are no previously determined normality criteria for the FHRV. This work presents a classifier based on a set of criteria.
Considering a normal statistical distribution for each of the chosen parameters (P i ), the following criteria are considered in this analysis:
 Normality: µ Pi -σ Pi ≥ P i ≤ µ Pi + σ Pi  Suspicious: µ Pi + σ Pi < P i ≤ µ Pi + 2(σ Pi ) µ Pi -2(σ Pi ) ≤ P i < µ Pi -σ Pi  Abnormality: P i > µ Pi + 2(σ Pi ) P i < µ Pi -2(σ Pi ) where µ Pi is the mean and σ Pi is the standard deviation for each parameter P i .
For the overall classification of the exam, four different possibilities are considered:
 If all parameters are classified as normal, then the exam is considered as "FRHV Normality".
 If one parameter is suspicious then the exam is labeled as "Attention".  If two or more are suspicious, then the label is "Suspicious".  If any parameter is classified as abnormal, the exam is classified as "FRHV Abnormality". It is important to notice that these criteria are not comparable with the conventional classification and is proposed to act as a complementary tool. The conventional analysis can find pathologies where the FHR does not and vice versa.
III. RESULTS AND DISCUSSION
In this section, the results for all of the parameters is presented, such as for the time domain or the frequency domain. The mean µ, the standard deviation σ, the maximum value Max, the minimum value Min and the Pearson variability are presented in Table II and Table III. The Pearson Variability indicates that in this database there are significant variations in almost the whole set of parameters, especially when analysing the time domain parameters. This indice is also high for the ratio LF/HF.
For a better comprehension of how the parameters are related to each other the correlation coefficient ρ are also calculated. For the long and short term variability parameters, STV and LTV, is found ρ = 0.5739, showing a strong correlation between them. For the SDNN and SDANN parameters there is a stronger correlation, with ρ = 0.6984. For the RMSSD parameter, which is by definition, related with high frequency components, there is a correlation with the HF parameter, ρ = 0.4706.
After these preliminary results, the detailed classification process for each of the parameters is then performed, assuming that all of them follow a normal distribution.
In Fig. 2 , the LF/HF values are plotted classified as normal, suspicious and abnormal. The results according to the normality classification contain the most part of the exams, while only three were considered abnormal. The scatter plot for the variability parameters, LTV and STV, are presented in Fig. 3 (a) and Fig. 3 (b) . There are two significant outliers in both plots. These exams must be carefully analysed as they may indicate fetal distress.
Finally, the time domain statistics are presented in Fig.  4 (a), (b) and (c) . As also shown in other previous graphics, there are only a few abnormal and a significant number of suspicious classification. Besides, there are not abnormal exams under the lower suspicious values.
After this classification based on each parameter, the overall analysis of each examination is performed. There are four different outputs and the "Suspicious" was the most common classification with 35% of the occurrences while 21% were classified with the "Attention" label. This means that 56% of the whole examinations set had at least one FRHV parameter out of the normality classification criteria. There were 30% of "Normal" and 14% of "Abnormal" outputs. These results are presented in Fig. 5 .
A group of four exams previously classified as normal are presented in Table IV . All of them are also classified as normal for the proposed classification using the FHRV parameters. For these exams, there is a match between the visual analysis and the FHRV analysis, considering the normality classification proposed in this work. In a general point of view, there are 17 exams among 58 with this match of classification. Also, eight exams previously classified as normal received the "Attention" label. In Table V , a set of three exams previously classified as control, i.e., pathological or suspicious. For these exams, at least two parameters are in the suspicious classification based on the proposed (µ ± σ) analysis. The third exam, for example, has STV, RMSSD and LF/HF out of the proposed normality interval.
All the three exams classified as abnormal according to the FHRV analysis and also were classified as pathological by the conventional CTG analysis: ctg20011218_2348371; ctg20001213_0948395 and ctg20000709_043356. Nevertheless, the FHRV the results presents that those parameters must not be used as the unique analysis of the fetal state. Other exams show a divergence if you compare the two classification system. For example, the exams ctg20000521-1402455, ctg20000203-1942093 and ctg20000518-2034363 belongs to the proposed normality classification but were previously classified as suspicious or pathological. In all these cases, if the FHRV was considered alone, fetal health problems could not be detected.
On the other hand, the FHRV analysis may expands the conventional analysis. The ctg20010223-1429403 exam is previously classified as normal in the conventional analysis. Although, this exam presents the lowest short term variability, STV=0.61, and the lowest RMSSD, 1.93. The LTV=10.69 and HF=8.49 are considered low values. This may indicate low variability and a very small contribution of the high frequency components, related to the parasympathetic system. According to this analysis, the exam could be classified as suspicious or pathological.
Another example is the ctg20010626-2358115 exam, also classified as normal before. It presents the highest SDNN value, 81.18 and high values for the HF, 22.09 
IV. CONCLUSIONS
The interval between heart beats can be considered an important parameter for the detection of the fetal health status.
The FHRV analysis based on the CTG examination is a viable approach for the obstetric practice, since the visual analysis is very subjective. For computerized CTG systems this analysis can be applied as a second level and complimentary detector of fetal distress.
The results presented require that the FHRV analysis must not be considered as the only monitored parameters. The conventional analysis is strictly necessary.
Future works could consider other statistical indices, such as percentiles or quartiles for the classification criteria and also other statistical and geometrical measures can be considered, to improve the proposed analysis.
